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Abstract
Radiative B¯0(B¯0s ) → J/ψγ decays provide an interesting case to test our understanding of
(non)perturbative QCD and eventually to probe physics beyond the standard model. Recently, the LHCb
Collaboration has reported an upper bound, updating the results of the BABAR Collaboration. Previ-
ous theoretical predictions based on QCD factorization or perturbative QCD have shown large varia-
tions due to different treatment of nonfactorizable contributions and meson-photon transitions. In this
paper, we report on a novel approach to estimate the decay rates, which is based on a recently pro-
posed model for B decays and the vector meson dominance hypothesis, widely tested in the relevant
energy regions. The predicted branching ratios are Br[B¯0 → J/ψγ] = (3.50± 0.34+1.12−0.63) × 10−8 and
Br[B¯0s → J/ψγ] =
(
7.20± 0.68+2.31−1.30
) × 10−7. The first uncertainty is systematic and the second is
statistical, originating from the experimental B¯0s → J/ψφ branching ratio.
∗ lisheng.geng@buaa.edu.cn
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I. INTRODUCTION
The study of weak B decays is turning into an unexpected very valuable source of information
on hadron dynamics [1, 2]. The B and Bs decays into J/ψ and a pair of pions brought surprises
showing that in the B0s decay the two pions produced a big signal of the f0(980) resonance and
no trace of the f0(500) [3–8], while in the B0 decay the two pions contributed strongly in the
f0(500) region and made only a small contribution in the f0(980) region [9, 10]. A study of
these processes taking into account explicitly the final state interaction of the pions, together with
its coupled channels, gave a good interpretation of these features [11], providing support for the
picture of the chiral unitary approach, where these two resonances emerge as a consequence of the
interaction of pseudoscalar mesons in coupled channels [12–18]. Similarly, the study of B and Bs
decays into J/ψ and a vector meson [19] gave support to the picture in which the vector mesons
are basically made of qq¯ [17, 18].
For the B(Bs) → J/ψγ decays, only upper bounds for their branching ratios of the order of
10−6 are available so far [20, 21]. Theoretical studies of these decays are available and they use the
naive factorization, or QCD factorization [22], perturbative QCD with the KT factorization [23],
or other kinds of factorization approximations [24]. In the present paper we address the problem in
a different way, establishing a link to the B(Bs) → J/ψV decays, with V a vector meson, which
were studied in [19]. The link to the B(Bs) → J/ψγ is then established by converting the vector
meson V into a photon, using for it the vector meson dominance (VMD) hypothesis [25], which
is most practically implemented using the local hidden gauge approach [26–28]. The intricate
form factors stemming from the weak decay and QCD matrix elements are taken into account by
using the experimental value of the B0s → J/ψφ decay width. This new way of addressing the
problem provides rates which should be rather accurate, and they come at a moment where the
rates obtained from the other theoretical approaches differ sometimes by two orders of magnitude.
Also significant is the fact that, while the rates obtained are below the present upper bounds,
the branching ratio for B0s → J/ψγ is only one order of magnitude smaller than the present
experimental bound. This should serve as a motivation to push the experimental limits to get
absolute values for this rate that could shed some light on the theoretical methods to address the
problem. More problematic is the B0 → J/ψγ decay, where we predict a rate about two orders
of magnitude smaller than the experimental bound, but should this rate be measured it would also
help us understand better the relevant physics behind these processes.
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The paper is organized as follows. In the next section we present the formalism. Sec. III con-
siders further theoretical uncertainties and compares the final results with those of other theoretical
approaches. We finish with some conclusions in Sec. IV.
II. FORMALISM
The idea that we follow is to link the B¯0 → J/ψγ and B¯0s → J/ψγ reactions to B¯0 → J/ψρ,
J/ψω, and B¯0s → J/ψφ by converting the neutral vector mesons into a photon. For this purpose
we use the Sakurai VMD hypothesis [25], which is most practically implemented using the local
hidden gauge approach [26–28]. The B¯0(B¯0s ) → J/ψV production is addressed following the
work of [19], which we describe briefly below.
The B¯0 and B¯0s decay mechanisms at the quark level are given in Fig. 1 [11, 29]. The first thing
to note is that in diagram (a) for the B¯0 decay one has the quark transition cd, which requires the
Cabibbo-Kobayashi-Maskawa (CKM) matrix element, Vcd = sin θc, and hence is Cabibbo sup-
pressed. On the other hand, in the decay of B¯0s , diagram (b), one has the cs transition that goes
with the CKM matrix element Vcs = cos θc, and hence the process is Cabibbo favored. In both
decays we create a cc¯ pair that will make the J/ψ meson and an extra pair of quarks, dd¯ in the B¯0
decay and ss¯ in the B¯0s decay. In [11] this extra pair of quarks is hadronized, including a further
qq¯ pair with the quantum numbers of the vacuum, in order to have two mesons in the final state,
in addition to the J/ψ. But here we are interested in the production of ρ, ω, φ in addition to the
J/ψ. Then it is most opportune to mention that the studies conducted to determine the nature of
mesons in terms of quarks conclude that the low-lying scalar mesons come from the interaction of
pseudoscalars, but the low-lying vector mesons are basically qq¯ states. This has been thoroughly
tested by using large Nc arguments in [17] or applying an extension of the compositeness Wein-
berg sum rule [30, 31] to states not so close to threshold [32–34] and in particular in ℓ 6= 0 partial
waves [35, 36]. Indeed, in [35], using experimental data and the generalized sum rule, one con-
cludes that the amount of ππ in the ρ wave function is very small, of the order of 10%. The same
conclusion is obtained for the Kπ component in the K∗ in [36]. This means that the qq¯ component
is the basic one in the wave function of the vector mesons and we shall adhere to this picture. In
view of this, from Fig. 1, we can already describe the production of the ρ, ω, and φ mesons in
addition to the J/ψ. For this we recall that the wave functions of these mesons in terms of quarks
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are given by
ρ0 =
1√
2
(uu¯− dd¯), (1)
ω =
1√
2
(uu¯+ dd¯), (2)
φ = ss¯. (3)
Next, as done in [11, 19], we refrain from doing an elaborate evaluation of the matrix elements
involved in the weak decay and factorize them in terms of a factor V ′p , in view of which, the
amplitudes for J/ψV production are given by
tB¯0→J/ψρ0 = −
1√
2
V ′pVcd, (4)
tB¯0→J/ψω =
1√
2
V ′pVcd, (5)
tB¯0s→J/ψφ = V
′
pVcs, (6)
where we have explicitly spelled out the CKM matrix elements that distinguish one process from
the other.
In [19] it was shown that using Eqs. (4)–(6) and similar ones for B¯0 → J/ψK¯∗0 and B¯0s →
J/ψK∗0, the rates obtained for these decays, relative to one of them to eliminate the factor V ′p ,
were in very good agreement with experiment [37]. The same conclusions were reached in the
study of the B¯0 → D0ρ and B¯0s → D0K∗0 in [38] and in the study of the semileptonic D+s , D+,
and D0 into ρ, ω, K∗, and φ done in [39]. In view of this, we proceed to convert the vector mesons
ρ0, ω, φ into a photon in order to have J/ψγ in the final state.
For this we need the Lagrangian for this conversion, that is obtained from the local hidden
gauge general Lagrangian [26–28] as [40]
LV γ = −M2V
e
g
Aµ〈V µQ〉, (7)
where e is the electron charge, e2/(4π) = α = 1/137, g is the universal coupling in the local
hidden gauge Lagrangian, g = MV
2fpi
, with MV the vector meson mass, which we take as MV = 800
MeV, and fpi = 93 MeV the pion decay constant. In Eq. (7), Aµ, V µ are the photon and vector
meson fields and Q = 1/3(2,−1,−1) is the charge matrix of the u, d, and s quarks.
The diagrams for the γ production are now shown in Fig. 2. The vector meson field in Eq. (7)
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FIG. 1. Diagrams for (a) B¯0 and (b) B¯0s decays into cc¯, making J/ψ, and a pair of light quarks.
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B¯0s γ
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J/Ψ
φ
FIG. 2. Diagrams for (a) B¯0 → J/ψγ and (b) B¯0s → J/ψγ (b) using vector meson dominance.
is an SU(3) matrix and the symbol 〈〉 stands for the trace of V µQ. The field V µ is given by
V µ =


ρ0√
2
+ ω√
2
ρ+ K∗+
ρ− − ρ0√
2
+ ω√
2
K∗0
K∗− K¯∗0 φ

 (8)
and then the V γ Lagrangian can be written more simply as
LV γ = −M2V
e
g
AµV˜
µCγV , (9)
where now V˜ µ stands for the ρ0, ω, φ fields and
CγV =


1√
2
for ρ0
1
3
1√
2
for ω
−1
3
for φ
. (10)
The matrix elements for the diagrams of Fig. 2 are given by
− itB¯0→J/ψV (V→γ) = −itB¯0→J/ψV ǫµ(V )ǫν(V )ǫν(γ)
i
q2 −M2V
(−i)M2V
e
g
CγV . (11)
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A bit of algebra, summing over the V polarization, yields
tB¯0→J/ψV (V→γ) = −tB¯0→J/ψV (−gµν +
pµV p
ν
V
M2V
)ǫν(γ)
e
g
CγV
= tB¯0→J/ψV ǫµ(γ)
e
g
CγV , (12)
where pµV stands for the vector (equal to the photon) momentum, and for the moment we do not
put the structure of the B¯ → J/ψV in terms of the vector polarization. We simply show that
the polarization of V gets converted into the one of the photons with some factors. Omitting the
polarization of the photon in Eq. (12), as we have done in Eqs. (4)–(6), we can write
tB¯0→J/ψγ = V
′
pVcd
e
g
(
− 1√
2
1√
2
+
1√
2
1
3
1√
2
)
= V ′pVcd
e
g
(
−1
3
)
, (13)
tB¯0s→J/ψγ = V
′
pVcs
e
g
(
−1
3
)
. (14)
The decay widths for B¯0(B¯0s )→ J/ψV and B¯0(B¯0s )→ J/ψγ are given by
ΓB¯0s→J/ψφ =
1
8π
1
m2
B¯0s
(V ′p)
2V 2cspφ, (15)
ΓB¯0s→J/ψγ =
1
8π
1
m2
B¯0s
|tB¯0s→J/ψγ |2pγ , (16)
and similar ones for B¯0 decays, where pφ, pγ are the absolute value of the φ, γ momentum in the
B¯0s rest frame.
Since we do not explicitly evaluate V ′p , we perform ratios of widths with respect to ΓB¯0s→J/ψφ,
and we take ΓB¯0s→J/ψφ from experiment [37], i.e.,
ΓB¯0s→J/ψφ = (1.00
+0.32
−0.18)× 10−3 × ΓB¯0s . (17)
Hence, the ratios we are interested in are
ΓB¯0→J/ψγ
ΓB¯0s→J/ψφ
=
V 2cd
V 2cs
(
e
g
)2
1
9
pγ
pφ
(
mB¯0s
mB¯0
)2
, (18)
ΓB¯0s→J/ψγ
ΓB¯0s→J/ψφ
=
1
9
(
e
g
)2
pγ
pφ
. (19)
Taking into account the CKM matrix elements, Vcd = − sin θc = −0.22534, Vcs = cos θc =
0.97427, we obtain
ΓB¯0→J/ψγ
ΓB¯0s
=
(
3.32+1.06−0.60
)× 10−8, (20)
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ΓB¯0s→J/ψγ
ΓB¯0s
=
(
6.21+2.00−1.12
)× 10−7, (21)
where the errors are the same relative errors of Eq. (17). For practical purposes, we can take
ΓB¯0s = ΓB¯0 (which differ only by a few percent [37]) and, thus, Eqs. (20)–(21) give branching
ratios.
It is interesting to compare the results of Eqs. (20)–(21) with the present experimental bounds
for these branching ratios. The LHCb’s recent work [21] quotes at 90% confidence level
ΓB¯0→J/ψγ
ΓB¯0
< 1.5× 10−6, (22)
ΓB¯0s→J/ψγ
ΓB¯0s
< 7.3× 10−6. (23)
As we can see, the results that we obtain from Eqs. (20)–(21) are consistent with the experimental
bounds of Eqs. (22)–(23). It is interesting to note that the rate we obtain for ΓB¯0→J/ψγ is much
smaller than the present bound, but the rate that we get for ΓB¯0s→J/ψγ is only one order of magnitude
smaller than the present bound.
B
γ
K∗SD
(a)
W
B
γ
K∗
B∗n
(c)
W
B
γ
K∗
Kn
(d)
B
γ
Vn
(b)
K∗
EM
FIG. 3. Diagrams for B → γK∗: (a) short range processes; (b)-(d) long range processes (n indicates
possible intermediate states).
At this point, and before we go into a discussion of the spin structure of the amplitudes in the
next section, we would like to situate the work into a more general context. The mechanism that we
use for the decay classifies into what is denoted as long range processes in [41–45]. In these works,
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FIG. 4. Basic diagrams involving the b→ sγ transition responsible for the short range part in B → γK∗.
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FIG. 5. Diagrams of Fig. 3 made explicit for B¯0s → J/ψγ.
the processesB → γK∗, B → γρ have been studied and the mechanisms are separated into a short
range part and a long range part. The long range part is evaluated using the concept of vector meson
dominance, much as it has been done here. Schematically, the mechanisms are depicted in Fig. 3
for the B → γK∗ decay. In [41–43] it was found that the short range diagram (a) dominated the
amplitude. The explicit mechanism responsible for the large contribution of diagram (a) is depicted
in Fig. 4 [45–47]. The penguin diagrams of Fig. 4 are dominated by the two-quark intermediate
states [45] and they lead to a branching fraction B(B0 → γK∗0) = (4.33±0.15)×10−5 [37]. The
rate is about a factor 30 larger than the boundary for B¯0 → J/ψγ quoted in Eq. (22), indicating
that the equivalent short range mechanism might be absent in the B¯0 → J/ψγ reaction. This
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would not be an exception since in [45] it was found that the short range terms are much smaller
than those of the long range in the radiative decay of charm mesons. In order to shed some light
on this issue, we plot in Fig. 5 the four mechanisms of Fig. 3 for B¯s → J/ψγ considering the
explicit form of Fig. 4 for the short range mechanism. We can see that diagram (a), which includes
the b→ sγ transition that was found to have a large value in [41–45] for the B → γK∗ transition,
does not lead to J/ψ in the final state. It would instead contribute to B¯s → γφ and actually we can
see that the branching fraction for this mode is indeed large, B(B0s → γφ) = (3.52±0.34)×10−5.
On the other hand, diagrams (b), (c), and (d), described as long range in [41], all can lead to J/ψ
in the final state through the combination of cc¯. The diagram that we have calculated corresponds
to diagram (b). With this perspective we can justify the suppression of the mechanisms of (c) and
(d) with respect to (b). Indeed, diagram (b) has the weak process in just one quark of the original
B¯s, while (c) and (d) involve two quarks. These processes, including two body matrix elements,
are usually penalized with respect to those including only one body (see discussions in Sec. 4 of
[48]). On the other hand, in diagram (c), one has an intermediate bs¯ state which is off shell by the
energy carried out by the photon (about 1.7 GeV), and in diagram (d) the cc¯ intermediate state is
off shell by about the same amount. The double penalization should make these two mechanisms
small compared to diagram (b), which would be the dominant term for this reaction.
III. POLARIZATION STRUCTURE OF THE VERTICES AND COMPARISON WITH OTHER
WORKS
So far, we have not paid attention to the structure of the B → J/ψγ vertex. In fact, we can
have two possible structures, one that conserves parity (PC) and another one that violates parity
(PV), both of which are allowed in the weak decay. The structures are
VPC = ǫµναβǫ
µ(J/ψ)qν(J/ψ)ǫ
′α(V )q
′β(V ) (24)
where q, q′ are the momenta of the J/ψ and V , respectively. For the case of photon production, ǫ′
and q′ will then stand for the photon. The other structure is given by
VPV = ǫ
µ(J/ψ)ǫ
′ν(V )(gµνq · q′ − q′µqν) (25)
and again ǫ′, q′ would be the polarization and momenta of the photon for the case of photon
production. Note that in the case of photon production the two structures are gauge invariant.
These two structures are explicitly used in the theoretical works [22–24, 43].
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For the case of V γ in the final state, the two structures guarantee gauge invariance, but for the
case of V V such restriction is not necessary in principle. This issue was widely discussed in [43]
since by starting with a more general amplitude for V V and implementing the vector meson dom-
inance (VMD) V γ conversion Lagrangian of Eq. (9), the resulting amplitude might not be gauge
invariant. Some prescription is given in [43], eliminating the longitudinal-longitudinal V V helic-
ities in the V V process and then applying the VMD conversion. While this can be a reasonable
approach, we would like to recall that a systematic study of the V V and V γ processes using the
local hidden gauge approach [26–28] to deal with vector mesons and their interaction produces
gauge invariant amplitudes after the V γ conversion via Eq. (9). This comes after subtle cancella-
tions due to a contact term and vector exchange interactions. This has been shown explicitly in the
radiative decay of axial vector mesons in [40] and in the γγ decay of the f0(1370) and f2(1270)
resonances [49]. In view of this, and to guarantee the forms of Eqs. (24) and (25) for the case of
B → J/ψγ decay, we assume the same structure for the V V decay, which leads to Eqs. (24)–(25)
upon the VMD transition of Eq. (9). In [44] a final state interaction of the ρρ in the B → ρρ→ ργ
process is taken into account. We do not do that explicitly since this would be accounted for by
our B → V V amplitude of Eqs. (24)–(25). Explicit evaluations of this interaction are done in
[49] following the V V interaction of the local hidden gauge approach in [50, 51]. Nonetheless, in
our case with J/ψ-light vector meson interaction, this interaction is weak and proceeds through
coupled channels, since the tree level J/ψV interaction is zero because we cannot exchange a qq¯
pair from the cc¯ pair to the light vectors.
In the evaluation of the rates of B¯0(B¯0s ) → J/ψV in [19], the explicit structure of the vertices
was irrelevant, as far as one takes the V vector masses to be equal, which is a good approximation.
However, here, the structures can give some different weights depending on whether one has a
vector meson or a photon in the final state. Hence we evaluate the weights of these structures for
the particular case that we have. We find after summing over polarization of the vector mesons or
the photon (we get the same structure in both cases)
∑
λ
∑
λ′
|VPC |2 = 2((q · q′)2 − q2q′2) (26)
∑
λ
∑
λ′
|VPV |2 = 2(q · q′)2 + q2q′2 (27)
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TABLE I. Values of the R correction factor of Eq. (30).
R VPC VPV
ΓB¯0→J/ψγ 1.15 0.95
ΓB¯0s→J/ψγ 1.27 1.05
where q2 = M2J/ψ, q′2 =M2V or 0 (for V or γ production), and
q · q′ = 1
2
(
M2B¯0(B¯0s ) −M
2
J/ψ −M2V (γ)
)
(28)
The fact that Eqs. (24)–(25) are gauge invariant guarantees that only the transverse polarizations
of the photon contribute. This can be easily shown by explicitly taking the sum over the transverse
photon polarizations ∑
λ
ǫi(γ)ǫj(γ) = δij −
q′iq
′
j
~q′
2 (29)
instead of the covariant one
∑
λ ǫµǫν ≈ −gµν valid for gauge invariant amplitudes. In both cases,
one reproduces the results of Eqs. (26)–(27).
So far, in the results we have shown in Eqs. (20)–(21), the structures Eqs. (26)–(27) are not
taken into account. In order to evaluate the ratios of Eqs. (18)–(19) taking into account these
vector structures, we would have to multiply these ratios by the following ratio,
R =
∑
λ
∑
λ′
|VPC(PV )|2 for photon∑
λ
∑
λ′
|VPC(PV )|2 for φ , (30)
which is shown in Table I.
Taking into account these correction factors as a source of systematic uncertainties, together
with the statistical ones of Eq. (17), we obtain
Br[B¯0 → J/ψγ] = (3.50± 0.34+1.12−0.63)× 10−8, (31)
Br[B¯0s → J/ψγ] =
(
7.20± 0.68+2.31−1.30
)× 10−7. (32)
It is interesting to compare these results with other theoretical calculations [22–24]. In [22] the
authors present two calculations: one of them uses the naive factorization and the other considers
nonfactorizable contributions. In [23], the authors use perturbative QCD based on KT factoriza-
tion, where the Br(B¯0 → J/ψγ) rate is evaluated explicitly and then the Br[B¯0s → J/ψγ] is
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TABLE II. Values of different theoretical evaluations.
Models Br[B¯0 → J/ψγ] Br[B¯0s → J/ψγ]
Naive factorization [22] 5.40× 10−8 1.40 × 10−6
QCD factorization [22] 2.44× 10−9 5.80 × 10−8
Perturbative QCD KT factorization [23] 4.5 × 10−7 5.0× 10−6
Factorization approach [24] 7.54× 10−9 1.43 × 10−7
This work
(
3.50 ± 0.34+1.12−0.63
)× 10−8 (7.20 ± 0.68+2.31−1.30)× 10−7
obtained using SU(3) arguments. In [24] the factorization approximation is used, taking into ac-
count the photon emission not only from the B-meson loop but also from the vector-meson loop.
All these results, together with ours, are shown in Table II. One can easily notice the large varia-
tion among the results, which can differ by two orders of magnitude. The results that we obtain
for the two decay rates are in the middle of the other theoretical results. It should be noted that in
our approach, the relatively small Br[B¯0 → J/ψγ] compared with Br[B¯0s → J/ψγ] can be traced
back to the ratio |Vcd/Vcs|2 ≈ 1/20, like in [23].
One should note that the approaches seem totally different, but they are not so. The elaborate
calculations done in [22–24] would go in our approach in the evaluation of B¯0(B¯0s ) → J/ψV
which we do not do explicitly. Instead we use the experimental value of B¯0s → J/ψφ. Then, with
the help of Ref. [19], where one relates theoretically the different B¯0(B¯0s ) → J/ψV decays, and
the VMD hypothesis, we can evaluate finally the rates of Eqs. (31)–(32). One should note that
the form factors used in [22–24] also rely on some other observables for their determination. In
this sense, it is not so much the physics, but the strategy to get the rates, which changes from our
approach to the other ones. The fact that we obtained very good rates for the B¯0(B¯0s ) → JψV
decays in [19] and the reliability of the VMD in the range of energies studied here should made
our predictions rather solid. Indeed, explicit application of the local hidden gauge approaches and
vector meson dominance gives good rates for f2(1270) → γγ and f0(1370) → γγ [49], the two-
photon and one-photon-one-vector decay widths of f0(1370), f2(1270), f0(1710), f ′2(1525) and
K∗2 (1430) [52], and others [53].
It is interesting to note that the branching ratio that we get for B¯0s → J/ψγ is just one order of
magnitude smaller than the experimental bound. With increasing statistics in present facilities, this
12
should serve as an incentive for extra experimental efforts in this reaction to determine an absolute
rate.
IV. LOOP CORRECTIONS
b c
s¯s¯
B¯0s
W−
sc¯
FIG. 6. Color favored B¯0s → D+s D−s mechanism.
B¯0s (P )
(a)
D+s (q)
D−s (P − q)
D+s (q − kJ/ψ)
J/ψ(kJ/ψ)
γ(kγ)
B¯0s
(b)
D+s
D−s
D+s
γ
J/ψ
FIG. 7. Loop diagrams for B¯0s → J/ψγ through D+s D−s intermediate production. In diagram (a), the four
momenta of the particles are given in the parentheses.
The mechanism of Fig. 1(b) for B¯0s → J/ψ(ss¯) is color suppressed compared with the mecha-
nism for B¯0s → D+s D−s depicted in Fig. 6, which is color favored. In view of this, one may wonder
why the loop correction B¯0s → D+s D−s → J/ψγ could not compete with the tree level process
studied so far. To answer this question we evaluate the contribution of the loop of Fig. 7.
The evaluation requires the use of the Lagrangians
LV PP = −ig〈[φ, ∂µφ]V µ〉, (33)
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where g = MV
2fpi
with MV ≈ 800 MeV and fpi = 93 MeV. The matrices φ and V µ are extended to
SU(4) to accommodate the Ds and J/ψ mesons and are given in [54]. As a consequence we find
− itJ/ψ,D+s D−s ≡ igǫµJ/ψ(2q − kJ/ψ)µ. (34)
The coupling of the photon to the pseudoscalar mesons is equally given by
− itγ,D+s D−s = ieǫµγ (2q − kJ/ψ − P )µ, (35)
with e2/(4π) = α ≈ 1/137.
Since there is much phase space for the B¯0s → D+s D−s decay, the loop function is dominated by
the positive energy part of the D+s , D−s propagators emerging from the B¯0s and the loop function is
also dominated by its imaginary part [12]. Then we can write in the rest frame of the B¯0s (~P = 0)
t = i
∫
d4q
(2π)4
egBg
1
2ω(~q)
1
q0 − ω(~q) + iǫ
× 1
2ω(~q)
1
P 0 − q0 − ω(~q) + iǫ
1
q0 − k0J/ψ − ω′(~q) + iǫ
1
q0 − k0J/ψ + ω′(~q)− iǫ
× ǫµJ/ψ(2q − kJ/ψ)µǫνγ(2q − kJ/ψ − P )νF (~q − ~kJ/ψ) (36)
with gB the coupling of B¯0s → D+s D−s , ω(~q) =
√
~q 2 +m2Ds , ω
′(~q) =
√
(~q − ~kJ/ψ)2 +m2Ds , and
F (~q − ~kJ/ψ) a form factor to account for the off-shellness of the J/ψ and γ couplings with the
(q − kJ/ψ) Ds meson off shell. We take an empirical coupling of the type
F (~p) =
Λ2
Λ2 + ~p2
(37)
and Λ = 1 GeV or less.
By performing the q0 integration analytically we obtain
t = egBgǫi(J/ψ)ǫj(γ)
∫
d3q
(2π)3
1
2ω(~q)
1
2ω(~q)
1
2ω′(~q)
× 1
P 0 − ω(~q)− ω(~q) + iǫ
1
P 0 − k0J/ψ − ω(~q)− ω′(~q) + iǫ
1
ω(~q) + ω′(~q)− k0J/ψ − iǫ
× (2ω(~q) + 2ω′(~q)− P 0)(2q − kJ/ψ)i(2q − kJ/ψ)j , (38)
where we keep explicitly the γ polarization vector spatial and we also neglect the three-momentum
of the J/ψ versus its mass. The integral gives a result of the type aδij+ bkγ,ikγ,j (~kγ = −~kJ/ψ) but
the second term vanishes with transverse photons. The second diagram of Fig. 7 gives the same
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contribution as the first one and, considering explicitly that we have only transverse photons, we
have
t = 4egBg~ǫ(J/ψ)~ǫ(γ)I (39)
and the sum over polarizations, taking Eq. (29) into account, gives
∑¯∑
|t|2 = 32e2g2Bg2|I|2, (40)
with
I =
∫
d3q
(2π)3
sin2 θ
(
1
2ω(~q)
)2
1
2ω′(~q)
1
P 0 − 2ω(~q) + iǫF (~q −
~kJ/ψ)
× 1
P 0 − k0J/ψ − ω(~q)− ω′(~q) + iǫ
1
ω(~q) + ω′(~q)− k0J/ψ − iǫ
(2ω(~q) + 2ω′(~q)− P 0) (41)
By taking the imaginary part of I we find
iImI = −i 1
8π
q3on
1
4ω(qon)
∫ 1
−1
d cos θ sin2 θ
1
2ω′(~q)
× 1
P 0 − k0J/ψ − ω(~q)− ω′(~q) + iǫ
1
ω(~q) + ω′(~q)− k0J/ψ − iǫ
(2ω(~q) + 2ω′(~q)− P 0)(42)
with |~q| = qon, and qon the Ds on-shell momentum for B¯0s → D+s D−s . The two denominators
in Eq. (42) do not lead to poles in ImI . The coupling gB of B¯0s to D+s D−s is taken from experi-
ment [37] and we have
ΓB¯0s→D+s D−s =
pDs
8πM2
B¯0s
g2B, (43)
from which
g2B
ΓB
=
8πM2
B¯0s
pDs
ΓB¯0s→D+s D−s
ΓB¯0s
(44)
and
ΓB¯0s→D+s D−s
ΓB¯0s
= 4.4× 10−3 [37]. (45)
Altogether we find now
ΓB¯0s→γJ/ψ
ΓB¯0s
=
pγ
pDs
ΓB¯0s→D+s D−s
ΓB¯0s
32e2g2|I|2. (46)
By taking Λ = 1 GeV, we find
ΓB¯0s→γJ/ψ
ΓB¯0s
≈ 4.8× 10−8, (47)
which is about a factor of 20 smaller than what we obtained from vector meson dominance in
Eq. (32). But taking Λ = 1.2 GeV the branching ratio is 7.98× 10−8, still one order of magnitude
smaller than what was found before.
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Certainly, one can think of similar loops with Ds, D∗s intermediate states, but the exercise done
indicates that these loops should be reasonably smaller than what has been calculated before.
There is more to it: we can look at the diagrams of Fig. 7 and replace a γ by a φ (or J/ψ)
meson. In the vector meson dominance picture the γ production amplitude is obtained from an
amplitude producing φ and J/ψ followed by conversion of φ and J/ψ into a photon. If we ignore
the J/ψ contribution, the φ contribution alone is already accounted for in our formalism, since we
take the B¯0s → J/ψφ process from experiment and convert the φ into a γ. The empirical process
also accounts for this loop contribution. Hence, what one is missing is only the fraction of the
loop diagram that has the γ formed from J/ψ. Their contributions have strength 1
3
e, 2
3
e for φ,
J/ψ, summing to the e charge, and hence what is missing is still smaller than the loop function
that we have calculated.
There is another empirical proof that these loop corrections are small. Indeed, as we have
commented, replacing the γ in Fig. 7 by a φ gives a contribution to φ production coming from
loops. The same diagram does not contribute to ρ and ω production, since neither of them couples
to Ds. This means that the loop contributions are very selective to the vector mesons produced.
If the loop corrections to J/ψV (V = ρ, ω, φ) were important, then one would not obtain good
results for these processes omitting the loops. Yet, the works done in [19, 38, 39] on B and D
decays, taking only the tree level diagram of Fig. 1 and considering the vector mesons as coming
solely from the final qq¯ pair, indicate that this picture is rather accurate for the ratios of branching
ratios, in agreement with experiment within errors.
V. SUMMARY
Radiative B decays are potentially sensitive to both the standard model physics and beyond
the standard model physics. Recent studies based on a novel nonperturbative mechanism, which
includes a primary quark level transition, and the following hadronization and final state inter-
actions of the produced hadrons, are capable of explaining very successfully a large variety of
experimental data with a minimum amount of input. In the present work, we have extended such
an approach and utilized the vector meson dominance hypothesis to predict the branching ratios
of the radiative B decays. The resulting parameter-free predictions not only are consistent with
the present experimental upper bounds but also show a characteristic pattern that can be verified
experimentally. Our results show that although the B¯0 → J/ψγ decay rate is too small to be
16
detected in the near future, the B¯0s → J/ψγ is much closer to the capacity of the LHCb detector.
These results should serve to encourage our experimental colleagues to continue their efforts to
obtain an absolute rate for this decay process. It should be stressed that unlike earlier theoretical
studies based on QCD factorization or perturbative QCD, the approach developed in the present
work relies on experimental information mostly and, as a result, should be free of uncertainties
inherent in earlier studies.
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